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MAGNETO-RESISTIVE ELEMENT, REPRODUCING HEAD AND RECORDING AND 
REPRODUCING SYSTEM 
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Abstract: 

PROBLEM TO BE SOLVED: To decrease reproduction noises and to obtain good/SN and bit error rate 
by using a tunnel junction element consisting of a free layer/nonmagnetic layer/fixing layer and 
providing part of the free layer with longitudinal bias layers. SOLUTION: A lower shielding layer 1 and 
the free layer 6 are successively laminated on a substrate and the patterned longitudinal bias layers 7 and 
insulating layers 8 are laminated thereon and frirther, an upper electrode layer 9 and an upper shielding 
layer 10 are laminated thereon. The portion between the fixing layer 3 and the free layer 6 constitutes a 
magneto-resistive film. When current is passed from the upper electrode layer 9 to the lower electrode 
layer 2, the current passes between the insulating layers 8 arranged on the right and left from the upper 
electrode layer 9, passes between the free layer 6 and the fixing layer 3 and flows to the lower electrode 
layer 2. Since the longitudinal bias layers 7 are insulated from the flow of the current, the layers do not 
participate in the flow of the current. Since the longitudinal bias layers 7 are directly laminated on the 
free layer 6, the free layer 6 is sufficiently longitudinally biased. COPYRIGHT: (C)2000,JPO 
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{M^2] mmmmtbxmmtmii 
mi)^:Kizmbxm0fL^ixrzmmm^^b. mm. 

iim<miii(Drctb(D± yy.w^(D-ty<xmm^m&M 
^mM-t^mi>zm^^ixtzmmmm^m^iz^\. ^x. 

t^i^icm^i>wu7y.miimi<-f'btix\.^^zt 

^}i!,o)rzsb(7)'[ryx9m.(7)t^xti^^m^¥mBM ^mm 
tsmMmm^m^ictsi^ ^x. m&y v -mo^p^ji < 

m^4] m^±izm^^ntzTiy-)ih^st. ^ 
tm-^iitzTwmii. 

mBmyyv-m^m^mmt'rmm&hyi^^ji^^ 
mt. 

m.yv-m±i>zmm^iu m^<DA^-y^mLxMsm. 
istix\,M>w^>(r7M. 

^my V -m±Rv^^muu 7y^±mm(7)A^ - 

yi^bxmm-^iix\,^^mmt. 

^^y V -m±izMm^iu iif^-D^my v -MRxf^m. 

immizi,tmti>mmuu TyMum-r^mim 

ir \mKmfSL-^titz±wmm t tf^him^ixxi, ^i,zt^ 

i)\ ^n±nim±izwK±i/-)i^mmj,-f'oiixK^ 
tm^titzTmmmt. 

^my V -m±jm^mitA>( 7yM±icm^(DA^ - 

y^^vx^^tix^\i>mMt. 

^my V '-m±\izmm^iu ii^-o^uy u -mm^u 



[if^8] m±m^^titzTwmt. 
'm/y 'J -m ^mm^L^^wm. v y 

10 mt. 

myv-m±icm^^iu mmcDA^-y^^Lxwm 

ii^-^muuTy^±K.m^^tirz±iy-}v 
m^9] m^±Km^^ixrzTy-jvmt. 

m^i>m/m^/mmmm/.y o -m ^mm 
20 ^tthmsmmmt. 

^myv-m±icB^^iu m^<7)A^-y^^bxw. 

uyv-M±mm^iu m^oA^-y^^bxm. 

■\i:b^hixxi^^mA-(Txmt. 

1 0] mii±m^-^iitzyi/-ji ks t. 

jvh'tm-^ixtzymMMt. 
mTwm±izm^^iu m^(DA*f-y^:^bxni 
m^ifix\>\^muT7M. 

ij^*< t^^muTmm±m^^tixi.^^ii^ 
y^-mt. 

^^y v-s±icm^^iix\,^^mmxm^/m 

^my V -mcD'pr^ < t ^-m)±icm^-^tu jao^ 
40 mmthy:^jvstm:iLimt&mizA^-yit^ifi 

^ms^m±K.mbx\.^^±wmt. 

50 mtitlXl^^hWUTTM. 
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-M±jm^m^/u 7y^±izm.o)A^- 

^mmt. lo 
^im'^'t^M±izmbxi^^±mmMt. 

^WFmMM±icB^^titzy 'J -St. 

^uyv-m±K. m^o)A^-y^^Lxwm^ixx 

\^^^mA-(7y.mt. 20 
^mmjUTy.mtmbx^^i>yv-m/AV7mxm 

^my V -mmf^muu 77Moy>i-<i^ < t %)-gp± 
izFm.<7)A^~-y^^bxwM^tix^^^fmst. 

^mizmLx^^^±mjmt. 

^WiTwmm±Km.^tircy v-mt. 
^m.yv-M±ic. mrnDA^-yk^Lx^^nx 
\<^^mjU7:7Mt. 

^msuu 7yMmbXi ^^y o-m/mmmm!& 

'mo V -mRtf^mm^^ 7yMay>^j: < t %,-bp± 4o 
icmmcDA^-y^^bxwm-^tixi^^immii. 

hmKmbx\>'^^±mmt. 



mfmwcy'}-m^^Lx\.^hmMt. 

t^-^mbx^^hWU7y^t. 

mmmm/y u -M^mm^tt^mmmi^ 
mt. 

'>^^<t^-3mmmiimicmbx^v. s.-Di&<D 

mmmy 'j-mizmbx\,^^mmt. 

^mmm±.izm^^tiR^^my u -miz^oyj^^jt < 

t^-^^^bxi>^^mjU7xmt. 

'>4K t^-^if^my v-micmbxi^^^±wm 

h'tmm^titzTWSMi:. 

m&m/y v-m^mim^ttmw&. v y^}\^ 
Mizmbxi^^^wmt. 

i)'y 0-M±iizmbx^^tix\.^m/U7yMt. 

'>4K t^^mmi/U77MizmbXif^^±mm 
mt. 

yV'-mmbxi^i>mmt. 
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ML. 

1 8] mi±izm^^ixtcTi/-j]y mt. 

t^mMmm^^y h\ 20 
[if ^ 1 9 ] iimia amn^'ictm^ii 

m^bi^'^tix\.^^mt:mitt^m^i Qssmm 

^i&inS^^v Ko 30 

ts ^fii^iimn(mmtLximBm!n±y\)-<D 

Bff^ 2 2] ■r- ^flBS^c^fci^ODltl^fia) h ^ ^ 

mm. 2 3 ] mmmm^t l xy v 
mmymmt:mm^tti>hy:^m^=Fm 
i^rz3-i7msmmm}m^ici8\.^x. y>j-moyp 

COOOl] 50 



is^t:m^^rzsb(m%±y^izmt^. 

[0 0 0 2] 

immm] -^^ma. mmsn. (mr) 

xm. ztni. A^^^mm-mxmimm^'hv'-'^ 

[0 0 0 3] MR-fe>-9-tt. mm.^m=i-\i:i^'oxmi 
•^ixhmM.(m^ iL-)3\PioM^t. hxomimt^ivi^ 

xmrnm^mi^t^o :l o htcmmmcDMR-^y^ 
tt. ^) m^omm 1 mtimtii}p\ tm=f-^ ^ 

xmcth. Womssm^ (amr) ^^\z.m-^^^x 

[0 0 0 4] AMR^^a)^<'mL\>\Wim^t. D. A. 
Vlx^Vy (Thompson) %(JM% "Memory. St 
orage , and Related Applications" IEEE Trans, on M 
ag.MAG-11 ^ p. 1039 a975)(CtHTl^S, 

[0 0 0 5] Kummcm\^fdm/^v Yx\t}'K)\,fj 

h.fl^^\Mf. Z(TM)Myymmmh\jX. FeM 

n. NiMn. =-v >T )\mmiSi>L<r>wmsmm^m 

[0 0 0 6] ^«bic#i5tctt> ^wmMy^omm 

mmm^ix-tm^&mmxcD^mH-u^TMy 

[0 0 0 7] z.<mmmmi\%. ^wammm 

x\M>. z(n^om&^m[My^\x-m^^vmxm^ 
TfeUx KMRm:m)mh^y^x:W^-^t\.^i-^) 

CO 0 0 8] z,<rM<m^^z.y^x\%. mmmxim 

$tifc 1 n(rmmfm(mmmmm. 2 -dom 

[0 0 0 9] 1 9 88^6^lCiBfcti±!i^n-Cl^Si|# 
m^2 - 6 1 5 7 2 tCtt. «a(41rt«)B5fb(7)H¥fTS^iJ 
{Cj:oT^l3Siif(rMVIRg;fb$:^fc^-r»tHKi*^;!!)^ 

[0 0 10] immAxmi^wm^k.hx. nm 
^'^^^^)WL\jX\.^h^f^<iL^2m<rm&. 

[00 11] 31, 1 9 90^1 2^1 IBtCg^feHisi 
^tlTl>i>, 1^^4-3 5 8 3 1 0{Ctt. ^NSm^ 
<*:(7>ira(Cj:oT{t1^^n;&^mii(4i:(D2€<7)ia^ 
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[0 012]-:^, 1 9 90^8^2 2BK:aiS$nT 
10 3 01 4-^^{C{ix ?S?mtCftfe 

[0 0 13] mmhy:^jm^%:m^rzn^y\v kic lo 

*<:7U-^t^L4^l\i^igJcoiATtt. 1 9 9 6¥l 

1 ^ 2 7 a icg^ygiii^nTt 1 0 - 1 6 

2 3 2 i^'miztmm^. 

CO 0 1 4] ^MMinS9jflM^iz7.i^yj\ju':/^m\,\fz. 

CPP-MR (llffiiCSSlcmj?^^^!^-^) m^iC^^^Xs 7 

^C^L4H^:»ig^CO^^■C{i. 1 9 96^5^24BtC 
ai^^nT«r>-5. us p. 5x 6 6 8, 6 8 8-i-B^# 
K:ia^7&<*S. 20 
[0 015] 

[0 0 16] dtitt, ^^K^4h>^;^M^=&ffl^^fei/- 

7::k^^-ky7.w^^mixbti'\ mmi\:j(miiiK 

[0 017] la 1 1 ttx #^¥lO-162327{C|Be^tlT 

^mm^^bxwuTy(Mmm^iix\,^i>m-im 

[0 0 18] m:mmmmTic7.\^yAju-:fm^^rc 
cpp-mxit. tmm(mmmmhy:^)im^f.E 

±y:xnm^>^j:f)^h'rA-{ Ay^bxbto mmmm 

ttu zix^fmir^tztbicA^-yittixrzy^b^yA 
Jl-m^izMU imM^^bXWU77Mi)WM^ 
iXXl^^hm-tmU'tlXli (USP5668688) . 
[0 0 19] tZ^i)\ z.(Dimt. WUTTMt-y 

m^bxbl^otztb. yV-mic-H^f^i<i^:^omu 

7:^^wm-i>:itimmx'$>*j. btzn^-ox-p^j-m 



<. t^mii^±.(mmmm±bf=.m^\zh^ j4% 

[0 0 2 0] m\2\t'i^'nMmm'J^^V-V^y 
<ry^'r)\^iLbX\m \ 3<7)J;9*«l$:*;*>t\ 

[0 0 2 1] m^ri-T-g^-e^-Scfcotc, M(7)-r 

tits' ho 

[0 0 2 2] z.(D^oafiA^Ty.(Di&ti\ mmo 
V \z.t {coi ^xiti/ ^=L\,—i/u y(D±j3-"iohV^-^i\. 

[0 0 2 3] ^OM. mm^l 0-4 2 2 7^m # 

§§¥1 0-1 9009 o- 1 e 2 

3 2 6^i>^{ctt, m%vy%)\^'^=^-^^bfd^ 

5UmW-l 0-1 62 32 7^i>^tC{i. M/WT 

KW^bxm'th^mKmbx\imm^^^ixi3t\>\ 

[0 0 2 4] t^oT, :*:^BJ(7)imx iJBLfcS^ 
[0 0 2 5] 

[^$:l^-r^fc«?)0¥g:i3ck(Wffl] *l!B^(*±fS 

xy ')-m/mmm/m^t:m^m^t-t^ h >^ 
0Si^^hmmimmir^mmbtcmmm^^^ 

[0 0 2 6] 

7 U-M(Z)i!^«;< ii^-65X)^l!!!rrsJ:e)tC'rs=fe)OT 
CO 0 2 7] X, *^tC]mt-S^^lS^^T356^i: 
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[0 0 2 8] 3titCj;y, ±^<mJU77.ti^y'J-M 

mmwu 77.^^miu B'bomm. h y 

[0 0 2 9] MJc. ^WMizm^Xii. WUTy.m 

[0 0 3 0] ^wmzmx. }\')TmcM^ms&. 

mt ^;kt>'^x^miMmSztiziri>. 

[00 3 1] 

[0 0 3 2] gp*,. nitt. ^^Mic^h^mmm 20 
X. mmsmm^tLxyv-me/^mt 

m 5/@^4 %:m^tth h y%)\^&^=i-2 0 

WLn<otix\^^mmmm^m=Fz ox)'^^^^r^^-i>. 
[0 0 3 3] ip^, :^mnK.m^w,i(Dmmtbx 

tt. miC^I^K:, i/-;i/KM-k>-y-g|5$:ABSffi(C 
[0034] ^CM^Xlt. ^±JCTi^-;U KJi 1 > 30 

CO 0 3 5] ie(Z)±tC|lIl K:^L/fcJ:e>{C/^^'-Mb^ 
tltzWU T7M 7 fccfctfSfii^ 8 75)^$nS. 
[0 0 3 6] ^'btC^a)±{C±m@^9fc^J:t;±2/-;i/ 

/INKIte 5/-7 >J-M6<7>aP^7&^JKS5^n3»IIIR2 0 

[0 0 3 7] :Lomtx\t. mzm^(r>±mmi^hyn. 40 

[0 0 3 8] ^fc. WUT7Mi\t-y^)-m&±}c% 



[0 0 3 9] i^. :^mizm-fh^mmmit. m 

[0 0 4 0] :LZX{i. Ti'-Jih^Mi±i<cTmMm2 

«igicot ^x$^btzti\ jy-ji KM 1 tTwm 2 
t wPbI. *fc{±±mgji 9 t±i/-ju KM 1 0 t(Dmiz 
yzfmtb xmm iSriggi-s 3 1 ^^mx$> 
ho ttz. Tsy-)ih'M I tTmmm 2. ±wm9t 
±y-)imi o^mffiK-thzthx^ho 
[0041] ^MH^-r^i 3 mfS.th^m\mt 
Twm 2 torncit. !|#^cllI^Lrtt^^4»^vx)^ an 

mi *iatt -5. 3 .h =b^tg-efe !>« 
[0 0 4 2] :i^^Miz^i>^mm.mm}^m'^t 
bxiis m^mif^mmtbxmBMttmmt}^^ 
:s.izmbxm^ixtzmm.i^u mmmit 
i^iii0tci^o)±yyt.m.<Dir^xmmmim rmm 
-tmicm^^ntzmmmim'f-izn^^x. 

^Km&thWU7y^msLiif'otix\>^hh(7)x^M> 
■5. 

[0 0 4 3] ^l^miMiz 

it. '>i&<i:%^^7U-M6iiSI^^4*^^^tl 
^t)(0-?r^oT, ■?•(Z)rt<Z)0^J;i«^ y^-msizn^t 

mmm^mibx^muuTyMi tm&^-&^ 

[0 0 4 4] lEKi^ ^^micm^^mm&mm^^ 
3oa)mmwK.mb<mm'rh^^^it. mmmi^ 
m2otbxyv-se/jvjTmtbxa^m&m5 
xmm4.i!)mm-^titzmm^%:^b. immn^it 
^iii(DrcibcD±yytMmt^xmmmim 5 
mt^mmmim^ 2 0 ^x. ^my v -m e 
(7)'>4'< 1 gp{c^-rs7 'j-meammmm, 
^^i>wu yyM 7 *w^>nTir ^m^smm: 
mfx^h. 

[00 4 5] ?^(C, *^^tcj^ts^^5as^iS6J^ 
^30 ^^m btzvmjmmz^v k 3 ocD^izmcD^ 

[0 0 4 6] ^mMicW'hmmim^m^f-s 
0(Dm2(mi^micm^xi,t. m^±izM^^ixtzTi^ 

-Jim It. ^!^*<^:%.-8^5;t><Ti/-;^K±^CJ^fi^^ 
ii^ii'Tiy-Ji h'tm^iitzTWm 2 1. ^^Tm. 

m2±{zm^^ixh. mMt^ms/m^A/m. 
m5/y>j-M6 %:mm.ttmmi. h y:^m 
^2 Oil. myO'-M6±K.m^^iu m^(DA^- 
y^^bxm.^ixxi.^i>wU77M7. ^f&yv- 
me±Rxf^muUTyM7±iizBimo)A9'-y^^ 
bxm^^iix\f^i>mmst. ^m.yv-m6±iizm 
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[0047] *^«^Mtcs$ir ^xit. ^m±wm 9 It. 

KM 1 0 t)mtf^ixx\, ^T%)^^ ^„ 
[0 0 4 8] 5lC, *J:i*:fiiiJiC5^t^Ttt. ^^W7 

J^^^^i^^ @^1-^M3/@^4/^mttiai4M5 

V -m 6 2 o i:, 

^myv-m6±izm^^tu m^oA^-y^^bx 

xf^mm;UTy.m7±K:m.(DA^-y^:^bxmm 20 
V -s 6 :Rtf ^^ifei^ 8 umt^mm 

W 9 i:*^^«|j*;^^l■C^^S^S^^$Balll^*; K 3 0 

[0 0 5 0] ±ia,^{ci^oT(i. tffiauit^tc. 

9±lcMfc±S/-;uKMl 0*Wt'b^^r^^•C^m^o 
[0 0 51] MtC. 3^l^^*:0aK:^^^^Tttx ^^W7 
XM7ZttfS^*fei^8tt, ABS®;&^«b£T7U-Ji 30 

[0 0 5 2] »:{C. :*:^tC^SSggS5^ja5i55!f*^ry 
K3 0(Z)m2(7)Jt<*:mia2 *#MU**<^SiW1-S. 

[0 0 5 3] IP*,, ^mmmm^^v Y\t. ^± 
Mw^^m ^/mmA/mim 5/7 ^j-m e 

6±(cj^*£S*u m^(DA9-y^^i>xm\\^inx\,^ 

fi^5tlTOSi:^lC. ^<7)-?a5X)<^i^mg«9±{C% 
iBg-B:b«?)«bnTl>-g)iSfW7;^7t, 25.l5^J^*<t 
t)-a5*m'^-l' T7M 7 ±tC?^^^nfc±S/->>l/ K 1 0 
tt^(3Wm^ixx\,^^m^mm!k<\vYZQ-^$> 

[0 0 5 4] ms^itzkt. m2K.m-rmz. iz-jivm. 

[0 0 5 5] 3<Z)«i^m «»±tCTi/-;UKl, T 50 



m^2. m-^thmz. @^4. ^Ns^is. 7'j 
^-y{c^i\.tz±wm 9 

[0 0 5 6] '^io\Z^<D±JCmJUTy^MllB^XS-±.^y 

[0 0 5 7] ^tm^thm/mm/mmm/y u 
[0 0 5 8] z.o)mm.x\.i. mm^oimm^^Tn 

^tmi^o z.(m. wuTyMimmDmiijicm 

[0 0 5 9] mJU7XMHiyV-M6±Km. 
imm^tlXl ^S(7)T^ tOMA^ 77s\%y V -miz+ 

^ztiz^ij. mm&m}^^^±yxw^i)^^^A. 
tm^hz.tt. yj-micmA^Tx^^'^A.tmii 

t^zt ^mirr^z t i)^x^ 
[0 0 6 0] ZZX'it. T5/-;PKl±lCTm@2=&^ 

mt±y-ji h'tomizT^^ v:rmtb xtmm sres 

[0 0 6 1] Te'-;i/KtTmS^ ±WMt±i/ 

[0 0 6 2] Mtc. ^m^tTWrntcDmiciiT 

mm. y v-mt±Mmmt(Dmut±^^miii^z 
[0 0 6 3] ±s&M.fi^micmfmoysmtLxii. m 

tzTwm2t. Twm2±izM^^ixm^t^m 
3 4 xmmmm s/yo-mei: m^m^ 

t-t:S,mm.hy:^)\>IStm2 0t. S^7U-M6± 

my'j-Msj:vhm^^^^^±nmm9t. my 
*j-Me±Km^^iu mM<DA^-y^:^bxnsm^ 
iixi,^^t^iz. to)-^mmLwm9±K.^mm. 
Mbmtixie^mA^ryMT ^^jt<t^-^ti^ 

^j:^z.ii^^t'ri>mmm}^^v K3 ot-^s, 
[0 0 6 4] ?>:ic. :i^m'<cm^^m!mmm^^v 

[0 0 6 5] fiP*,, Sft±K:0fig;S*lfcTS/-;i/KM 1 
t-aJ;&q^S/-;u KM 1 J^KB^^ti^ 

m2±Km^^iu m^cDA^-yii^nbxmm^tix 

ii ^i>WU TTMl. '>^Jt<L t)-BP;i<S^TmgM 2 
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[0 0 6 6] 3*:^K:^SlS^^n^m^^y K3 0(7)^ 

[0 0 6 71 in*>. HSUi. iy-;i/KM-k>-b-gI5?&A 
[0 0 6 8] CKZJP^ST-tiv Si*:±lCT2/-;i/KM 1 n 

^NSiE^i 5 mm ^ ti€>. ^^141 5 icDfe&co.^./NW 
7::^ 7 c^rBl(7)gi5i^tc. @^ 4 /Wm-^m 3 /±« 

CO 0 6 9] j%^-y\t^nfzW:m/m%irhm/±. 

±SM9. 9' isxx}±.y-)vmioimM^t\.ho 
CO 0 7 0] T«6^/@^-r-5M z/m'mA/im& 

M4, ^mBMs. yv-merM&u ts®®2/\ 

CO 0 7 1] :i(m. mjUT7Mitwmmii-^iz.m 

CO 0 7 2] Ltc^^-oX. :L(Dm7^^m^^ZtKJ;: 
CO 0 7 3] ZZXHt. Tiy-Jlh'M 1 ±K.TmM2 ^ 

mmL. ±M9. 9* ±\z±y-)ih'io^mbr=. 

M t ±mMm t(DmK: it±.^m mn^zt^x^^, 
[0 0 7 4] ±iibt=>i!:micmi>^mmm^ 

m±iz]^^^tu mm^A^-y^:nbxm.^ixx 

mmnxii^^t^iz. mmmmmiuuTy. 
M<r>±izm^t^tix\> ^hy u -m k.. mo u -Ji±tc 



wm^iLtm.^mnmm2 0 i:> mo v -mo) 

m^mtm&tmizA^-yit^iixi^himm 
^mmM'r^M±izmi^xi^^±nmmt. ^i>4< 

CO 0 7 5] iSdx ±l2Lfc*^.^tC«^S^3<7):g:(4:«?iHC 

h y:^jim^m. < i,mmm}^2 0 ic^pfT* 
^xi)^nj^2(D±^izm0i^iix\,^^zti)m^L 

[0 0 7 6] 1^. [2|4{i|lI3(7)A';x-i^a>-efei)il 

z^oy-ji^vm-^y^^^ABsmizwucm-Dtcm 
<7Mm(7M^mx&i>o 

c 0 0 7 7 ] la 3 xiiy 0 -MmmmMiiWU 7 
20 oM^it. mm/U7ymti^tsiixii^h$>t:^*)xm 

CO 0 7 8] z:(7)^iiT-tt> {^iz.m^0±WMi)'^Tm. 

CO 0 7 9] zom. mA-(Ty.si.tmk(Dm.-M5izm 
wmm-^tix\^^^a)X\ ^(mjUTy.i,tyo-mic 

30 CO 0 8 0] btzti^'oX. Z<7)m7t^m^i>ZtiCj;: 

iit, yv-mizwu7:?^^^-6Ajt.mat^zL%: 

mii:t^ztij'^Xt^i>. 

[0 0 81] $^tC. 3<7)Mii(7)ffi^,l»W7Xi:ia 

mxmmxiztti'xi^. m^^-^w-mK.f^m.t^zhti^ 

[0 0 8 2] MJC, ^i^®*«FiiT-*-5i;^<7)±K:f^ 
[0 0 8 3] zzxit. Ti^-;i/K±{cTmS^IIM 

-j\^h*to)miCT^^v':/mtbxmm%:wmt^z 

CO 0 8 4] ttz. Ts^-jih* tTnm. ±nMt±i^ 
-jiv%:mmizt^zt^x^i>, 

[0 0 8 5] TWSatyV-mt<miZitTi^'k. 
so Xti>o 
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.[0086] (15{i^tt»jI13(7);'^>;x-i/3>T-fe-6 

[0 0 8 7] 7 v~mn^mmmiiwu7y(Mo) 

[0 0 8 8] llI6ttJf>{iiJ|2l3(7)>'"^Uji-S/3>T-fe 

[0 0 8 9] wj. mstmm^^m^zt^^ 

[0 0 9 0] IP*., ili7ic{ix v-;uKM-fe>-9-Si5^A 

fcUx 114^^ ^±tCj^fig^nfeTS/-;i/KMl 
T2/-;U 1 iimffl;^ n:fcT«^ 2 ^MTmS 

I7i:. SIMyW7XS7i:^LT^^i>:7'J-S6/ 

^2 0i:. ^^7'J-^6ZttF^m'WT:;^M7<7) 

T^^slfei^8^, ^M@^-rs®3Jik:j^^$tu iJ? 

*< iLh^tm^^m 3 ^c^uT^^5±m^ 9 

tx iJj'* < *»-^;0^±m®M 9 (7)±SPlC0^$*iS 

Jb@@^9iiMffl$tifc±J/-;UKl Oi:, 30 
fiK^nfclK^Jg^^^-/ K3 0;t)<^$^^T^^^. 

[0091] mxjfd^miV:.'^h-mm^^v k 

3 0 KIOV ^T«!: U ^tcifjej-r S*^) 0 7 tCg^-T^ 

[0 0 9 2] ')-m^iLO)-&^cmu77Mi(m 
•t^m'i/iM^ 9 mm^ixz.i(yh\mi(T>^ o ic 

/t^-Mb^*i2>. 40 

[0 0 9 3] X. Tm/yo-M6xmmmx';^^ 
'J 5 4 /mrr^m 3 (7)gp^^<js^im 

[0 0 9 4] zomt-^it. i£icia4'<7)±mg*^^Tm 

[0 0 9 51 l^W7x^{ii|gg<7)gsn:&tcBC 

i^l®^*lTV^S(DT?» ^<Z)«K/W7:>^«7U-iitc 50 
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[0 0 9 6] Lfzii'^^X. 3(7)^ii^ffit^^3t^Cc^: 
[0 0 9 7] zzX[t. TS/-;i/K±tcTmi&a^L 

[0 0 9 8] 31. :if-w^^z^^mmm^^v k 3 0 

[0 0 9 9] fiP^. HSUi, i^~;i/KS-lr>-y-gP^A 
B S®<7)®{CWK:^ofcB#(7)Sfr®<7)«l^|ll;0<^$nT 

^mmmmm 2 0 i:. < i: %,-?a5;b<sMi^ 

5 tC^ U Tfc^ 'J . fio^(Z)gi5^;^<^M7 'J 6 
tC^UTV^§^fe^8i:, ^ia$fetS8±{C|^fi£$*lB. 

/-^-f 7:^M 7 i:. '>4K t t>-gi5;5<3^7 U 6 
LTV^^±SM19i:. iJ^4Ki:%;-gP;b^±«@M9(7) 

K 1 0 i:. 7&^^4'^m^Mn^^^^:y K 3 0 X^i>. 
[0 10 0] ±fBbfc*^J{C^S?S5^^Ba^^)/ K 
3 0 {COV NTck y l¥iMtCiiBJ1-^:&«b «x m 8 tC^-T^ 
ic, KM-b>1fgp§: A B SStc Wtc^ofcKfO) 

[0 10 1] ^(7)±lCEI(7)^e>0'^3'->'fb^tl-t7U 

8 iJckU^gf 7-m 7 ii^^ay^&tf^y u 6 tcgE-f 

[0102] ;S «DtC^ (7)±eUtC{ii:S@l 9 feJ:lF±i/ 
-;uKMi 0*<M$ti-5. 
[010 3] 31. III/^^UTtt^^^&^r^T^/'@^■tSl 

3 4 /mmm 5 / 7 u e (7)gi5^7!)^?K^ 

^^^V Him^J^S&m 2 0 -C-fe^. 

[010 4] zam^-^it. mm^ayimms^hTn 
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[0 10 6] Lrzi)^-oZ. :l(7)Miil:ffl^^•5C<^^CJ: 
[010 7] Ti/-;i/K±tCT«g$r«l 

[0108] jmrnm tyv -Mtomutjmm 

20 

[0 10 9] ^IC. *^^tC^-5JK^}Sn^^^-/ K3 

[0 110] fiP*>. mdiZlt. S/-;i/KM-fe>-b-a5$:A 
^3y> Hcf, ^itcJt^fi^^tiitTiy-^l/KMl 

KM 1 i:Mffl^nfcTmS;i 2 i:. ^^Tm@M 

^^<tt-uti^yv-M6±izmLxnsm-^tixi^m 

izi^bx\,^h±mjm 9 1. ^i6;< t^^m^n 
mm 9 0±gptc?^fi£;^*L^*\ ±msM 9 tm-^ixtz 

[0 111] ±Mibtz:^mic^i>mmim^^v k 4o 

3 0 tCOlr ^T J; y IliMtCgiBJTS Jfc «^) «^ H 9 tC^x-m 

[0 112] i(D±izm<D^o{cA^-yit^iitzy^) 

-m 6 /^®©j€aiM 1 1 /sE/^-r t:j^i 7 ^mmt^« 

[0113] >M:«c0iJK;J^it-5^K^®0JfflI«l Itt. 

[0114] *fll«K:S^i-s^m'W7:;^7tt^ffi®j 50 



©11 Hcj:UPnJD$ti-g>;*:^$*<zi>hD-;i/^tLfc 

[0 115] yo-M6(7)^Knt}mmmss.^iix 

Ml 0;!)<^$ti^. 

[0 116] m^bTl^4'l>T^/@^1-^M3/@ 
^ 5 /7 'J -m 6 (7)gi5:J^X)qS^Mn^^ 

[0117] zom]B.xit. mim'p<7)±w^ti^hTm 

y.M. mmss @^ 
t^mm^^MMu Twmm^tm^^o zam. m 

'thZiL\t^^^\ 
[0 118] ttz. ilA'^'77.1tt7'J-MK:^bT^^ 

h(DX. ^omju Txity 'J -miz-\-^mm^ni> z 
immim3m^-\2.y7.^mi'^'^Ajtm^^ziL 

[0 119] zzx\.t. Ty-)v\^±K.ym&^mm 

fcj!)^ Ti/-;uKi:TaSt(7)FBl. *fc{i±m@ii±i/ 

[0 12 0] Ti^-;bKi:Tmg, ±MMi^±.y 

-)vv^mm\cti>zthx^i>o T«s®i:7'j-s 

mm^mif^zt^x^h, wuTTMm^imti^ 
mf^m^it. ^-mmm^^^irhziL^x^^o 
[0 12 1] 3^-ettss^^T^m<7)e)*.7'j 

T<7)BP:J^{ii:*3 t-XA^-yVcT^Mt^^mith Z 

[0 12 2] ?^ic. :im^\zmhmmmi^^v K3 

O(7)m7c^J.i*:0iJtC^^^=S:[2ll 0 ^S:#Mb*X)<«bll 
[0 12 3] fint). mi OtCtt. S:/-;i/Kl!-k>-b-SI5=Sr 

A B s m(m\zmiKm^ tzs^ay&maM^mti^m^ ti 

T*Jtl. m+x Sf*±^ci^fiK^n;tT^-;^KMli:^ 
'>«J < i: %>-g|J;OTS/-;i/ K 1 (DlWO^^^ix^trf 
K 1 tm-^iikJWm 2 i:. SSTf 2 
±ic?^^^nfc. @^-r2>13/H»4/INiS<4Ji5 

/7 u-M 6 tmmmttmw& v y^m^ms 
b < \mmmim: 2 o ii. < i: 

{cSbt:v^SKfb«M«J/W7:^7i:. ^*<ii^-ffls 
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[0 12 4] j^Lm^mmmmm^^y k 
3 0 tcov ^rj: y ^tcittl^^4'^«. m i o ic^t 

[0 12 6] S^b«^M/W7Xgt±. *fel^(7)il^ 
[0 12 7] ^E^){C^(7)±gl5U±±mS^9fc<tt5±S/ 

-;i/Kli o^<mi$n-§>, 

[0 12 8] |ll^^$tl■Ctt^^4'V^T^/@^■r-i>S3 

^iwmt h >:^;l^g^2 0 
[0 12 9] z:(7)flSji-ettv.iR{cia*(7)±mex>^^TS 

M^m^L?&?^Lfctt-5>i:^ wm.i.t±mm^'^'oyv- 20 

[0 13 0] ttc. wury^Mityv-mizmbxi.^ 
[0131] zzx-it. h'±izTmm^mm so 

[0 13 2] Tmimty'J-Mt<7)ra'\UtTn!Mi:. 

•e^s. ttc. zz.ximmmmm<ov-^yv-m 
^yv-mi)W-yit^tix\^^tnt^<. ^tixaTo) 40 

[0 13 3] ±BLtzmii^'^mioo)^mmizm 

01 4*^iDllI2 0(C5^Lfc. ZZXit. WU7X 
m}^tbX±f)^'^^X^1jm>%<D^7nLt:ii)\ 

[013 4] fin*», lai 4-ii!2 oomsmt. *^ 



[0 13 5] ill 4tcS^t-j-^E:MAa)gi5:^>{i, 

M!^bX\>^^^(7)X^^, 

[0 13 6] mmic. mLCKm^xii. ^mti^±i^ 
KM 1 ti^z(DmKim^b^'h,ivz^^^m^Mm.bx^^ 

^h(DX'$>^o 

[0 13 7] 31. SMDit. S^ffi*<±S/-;bKMl 0 

Me. @^4. @^-ri>i3, t«M2 

[013 8] MIC. El«EK:S*or(i. 

9. wms. 4mBM5. @^4. @^-r^M3. 
[0 13 9] OTiai 5~ia2 0(7)^n^ti(7yN^:y 

[0 14 0] X. ±aBUfc:*:^HJK:^-&?K^Jg^^ 

mt bxmmbtzi}\ :^^Micmi>^tmmi. h 

[0 1 4 1] *^^lC{^.5^(7>fte0^i:UTtt> 

tmky'^i:m^wMimMbib^^^t, ^m-^ti 
^mn<7msLLbx±s&mmi±yv-o)mnmmt^ 

5i^icm(D^mtbxit. 'T-'^tm.(Dt:L^(nimm(r> 
(0 14 2] aTK:*^K:i^t^T<^s*i^#aiic 
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..[0 14 3] En*,, ±iaLfc»tc*^H^tct^^je^j5t 

[0 14 4] ttz. imn^^V K'\(7)iiffl0iKCoO-C 

[014 5] mwicj^btzi^om&Kni^^xm 

[0 1 4 6] S 
yjV^v^. SiC. TJ\^v^yTJl^i-. S 

NiFe, CoZr. ttzltCoF eB. CoZrM 
o. CoZrNb, CoZr, CoZrTa, CoH 
fx CoTa, CoTaHf. CoNbHf. CoZr 
Nb. CoHfPd. CoTaZrNbx CoZrMo 
Ni^, FeAl S i. ^{b^m MnZn:7x 
^-f hx Ni Zn^i^-f hx MgZn:7x^'f hX>^«b 20 

Au, Ag. Cu, Mo. W. Y. Ti, Zr, Hf. Nb. Ta;!)^tb;& 

y, ^'T-^^^K^-r^l^j-^KX Au. Ag. Cu. Mo. 
W. Y. Ti. Zr. Hf> V. Nb. Ta^7!)^^>4'-5mf*:. #Ji 

±MMM 30 
Au. kg. Cu. Mo, W, Y. Ti, Zr. Hf, V. Nb, T&iJ'tofjt 

NiFe. CoZtx ^fcttCoFeB. CoZrM 
Ox CoZrNb, CoZr. CoZrTa. CoH 
fx CoTa, CoTaHfx CoNbHf, CoZr 
Nb. CoHf Pdv CoTaZrNb. CoZrMo 
Ni^, FeAl Si, MnZn^i 
'y^h. NiZn:7x5Wh, MgZn:7x^'l' h*^^) 

Aimcm, simm, m.T)v^=:.'^K, mxt^^^ju so 



Au. Ag. Cu, Mo, Y. TU Zr, Hf. V, Nb> Taj&M:)^ 

hm. mm. m^xm^ 

CoCrPt. CoCr. CoPt, CoCrTa, F 
eMn, NiMn. Nii?{b^> NiCo^fb^fe, Feg? 
fb^^x NiFe^b%> I rMn. PtMn, PtPdMn> R 
eMn, Co-7x^^h, Ba7x^-r h;(>^«b4«»mi*:> # 

[0 14 7] 3i> :*:^BJ{C5*-lt^^l^mm^yTS?I*^>y 
[0 1 4 8] fip^, 

mEM/W, 2URjLy)\y7M/mm/m'^1ri>m/ 
y7M/mmm/'m2URjLyj\y7M/-y v-mx 

• m^/ (Tmrn/y V -m/m l URa:.y;\y7M/ 

mmm/m 2 u^3Ly;\y7M/m^/m^thm 
/mm ■%:^mkm\jmiLfcm 

}\y7M/mmm/m 2UR:xLyj\yyLM/y u -m 

/mm) -^Nm^ijiiu^^-BrfeM 

- mi^/rm/m 1 m.-r^m/'m 1 m^/m 1 m 

R3iy /\y7M/mB!&m/m 2 MR3iyj\y7M/y 

U 3 MRa:>A>X^/#N^/^4 MRoi 

y;\y7.M/m 2 2 w^^M/mm 

• m^/rm/ m^/m 1 MRai>A:/;x.M/# 

?^14M/m2MRai>A>;t^/:7 U-M/^^attM 

• m/rm/ (7 u-i/^ 1 MRx>n>7.ji/ 
imm/w, 2UR3Lyf\y7.m/m-m/^'m 

m/mm 

• m^/rm/mm/m 1 MRai>/\>>^/« 

• M^/rm/y U -^/H 1 M R 

mm/m 2URx.y)\y7M/m^/imm 

[014 9] *l8B^tC]mtSS^K^S^tS&ll^ 

vV\izm^^xm^ixirTmtbx\t. iKb 

[015 0] T a, H f . Z r. C 

Tix Mo, Ft, Nix I r, Cux Ag, C 
Ox Zn, Rux Rhx Re, Au. Os, Pd, N 
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[0 15 1] milTiMtbX. Ta, Hf. Zr. W. 
Cr, Ti. Mo, Pt, Ni. I r. Cu, Ag, C 
Ox Zn. Ru, Rh. Re. AUx OSx Pd^ N ' 

[0 15 2] T«!ll(ifflt^4^l^#a-t>^-&, 

[0 15 3]-:^. *ii0j{csnt^s^)!a^^ii^ 

K^C^^^^T^^$^^^:7';-^i:UTtt, N i F e, 
CoFe> NiFeCo. FeCo. CoFeB, Co 10 
ZrMo, CoZrNb. CoZr. CoZrTa. C 
oHf. CoTa. CoTaHf, CoNbHf, Co 
ZrNb, CoHf Pdx CoTaZrNb, CoZr 

M o N i ^±trzit7^j\yy 7 y(jmjmi:m^^ z t 
[0 15 4] MIC. ^^mizm-ih^mmmm}^^ 

xm^t.t^^imti^m^^:bo 20 
[0 15 5] mmvy%)\/^^mmmm 
ovjym tLxii. mm. wcm. mmtmn 

[0156] 3Z.X Ti, V, Cr. Co, Cu, Zn, 
Y. Zr. Nb. Mox Tc. Ru, Rh, Pd, A 
Hf. Ta, W, Re. Os. Ir. Pt, Au. 
Six Alx Tix Ta> Ptx Nix COx Re. V 

ommB^xfmimoymt^. mm. 30 

ttCtl«btTix Vx Cfx Cox Cux Znx Yx Z 
Tx Nbx Mox Tcx Rux Rhx Pdx Agx H 
fx Tax Wx Rex OSx I Ptx Aux S ix 
Alx Tix Tax Ptx Nix Cox RCx VOMit 

[0 15 7] mmmmmmmmi^^rdmsm 

WmPM^ii. Tix Vx Ctx COx CUx Znx 
Yx Zfx Nbx IVIOx Tcx RUx Rhx Pdx A 

gx Hf X Tax Wx Rex Osx I Tx Ptx Aux 40 
Six Alx Tix Tax Ptx Nix COx Rex V 

#m mm. ttzuzixibt'T i. v. c 

Tx COx CUx Znx Yx Ztx Nbx MOx TCx 
RUx Rhx Pdx Agx Hfx Tax Wx Rex O 

Sx I Fx Ptx Aux Six Alx Tix Tax P 
tx Nix COx Rex Va)m #m m^hO) 

[015 8] BlfcJ:t^2MRx>A>;;Cii:L/-Ctt 
Cox NiFeCox FeCo^x ^fcttCoFeBx 
CoZrMOx CoZrNbx CoZtx CoZrT 50 



a, CoHfx CoTa, CoTaHfx CoNbH 
fx CoZrNbx CoHfPd, CoTaZrNbx 

c o z r Mo N i ^^ttziiT^juyrxmimm^m 

vx^, MRx>A>:;^lig:ffl^r^4'^^^i^{ix 

[0 15 9] :i^micm^xm^iim^tbx 

ttx NiFex CoFex NiFeCOx FeCOx C 
oFeBx CoZrMOx CoZrNbx CoZTx C 
oZrTax CoHfx CoTa, CoTaHfx Co 
NbHfx CoZrNb, CoHfPdx CoTaZr 
Nbx CoZrMoNi -^^ttzitT^Jiy 7 TMim 

[0 16 0] ttzit. Z.ili^t. Tix Vx CTx C 

c. CiK Zn, Yx Zfx Nbx Mo.x TCx Rux 
Rhx Pdx Agx Hfx Tax Wx Rex Osx I 
Fx Ptx AUx Six Alx Tix Tax Ptx N 
ix COx Rex Viir^-yt^tt^^Jl-Zfti'i^^dt^^ 

-^x ttzimmmt^. m^^ty^&tcmm^Fs 

i.^^zth'^mx&^o 

[0161] Co/Ru/Cox CoFe/Ru/Co 
Fex CoFeNi/Ru/CoFeNix Co/Cf 
/Cox CoFe/Cr/CoFex CoFeNi/C 
r/C o F e N i (i%:^4jiMT-*So m^^Mt U 
Tttx FeMnx NIMHx I fMhx RhMnx Pt 
PdMnx ReMnx PtMn, PtCrMnx CfM 
Hx CfAIx TbCOx Ni^m Fe^btlx N 

i rnmt c o mmo)m.^. n i mmt Femt 

%/FegKbtl2^Mx CoCfx CoCFPtx Co 
CrTax P tCof^Ei:m^^Ztf)^X^i>o 
[0 16 2] PtMn^U<(iPtMntCTix Vx C 
Fx COx Cux Zttx Yx Zfx Nbx MOx TCx 
Rux Rhx Pdx Agx Hfx Tax Wx Rex O 
Sx I Fx Ptx AUx Six Alx Tix TafeM 

btdmi.i.^ts^di^x$>^o 

[0 16 3] Xx ^^mmtbxit. mm. mt 

Kx ^M/wcm2im. mimtmmta) 

[0164] Tix Vx Cfx Cox Cux Znx Yx 
Zfx Nbx Mox TCx RUx Rhx Pdx Agx H 
fx Tax Wx Rex OSx I Fx Ptx Aux S ix 
Alx Tix Tax Ptx Nix COx Re, Vomt 

^fej:t;^{btK7)mf*x #m mm. ^tcuzixto 

iiTix Vx CFx COx Cux Znx Yx ZFx N 
bx MOx TCx RUx Rhx Pdx Agx Hfx T 
ax Wx Rex OSx I r» Ptx Aux S ix Alx 
Tix Tax Ptx Nix COx Re. VommtS^ 
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\j.-xj 
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[0 16 5] ^{Z. mi^^^llll OtCft^JSr^Dt::^ 
[016 6] 02 1 (A) ~ (H) ItmUZTjkbrdm^ 

[oi6 8]M{c. vRmrn^s imm^i^-^^^) lo 

[0 16 9] U7 h:t7U:fe^^. 2 ^^Wait •& 

0 ^m^-f^o 

[0 17 0] ili2 2 (A) ~ (H) (±. ill2tC5^lyfc;^ 
[0 17 1] ^±{cTi^-;i/Kl> T«S2, mm&. 

[0 1 7 23 ^a)±K7.7-y^)WR^mmy. 

[0 17 3] PR^J^^!^b. ±aMl O^&fiSMUfc^lC 

[0174] Tmm 2 *T-*6ii^sp 8 tc^* 

tt L/> ±2/-;u K 1 0 m^t^o 

[0 17 5] -U. 112 3 (A) ~ (I) tt. lasted 

[0 1 7 63 «(*:±{cTS'-;uKi, ymM2^mm 
[0 1 7 73 3Eic> mmm}^2o. ±mm9^m 
C0 1 783 ^oM. mmsiim^u wh^^yb 

±i/-;uKl O^rJ^fi^t^o 
[0 1 7 93 i^d. 04~l26tC/T^Ufc;^it(7y\>)/ h'(m 

[01 8 03 M{C. 02 4 (A) ~ (H) tt, |37{C^ 40 

[0 1 8 13 mh. m^±^'Tiy-)ih^i. Tmm2s 

[0 1 8 23 ^(7)±tC;^x>i/;bPR$:0^L. :7U- 

[0 1 8 33 5{C. PR^^J^jBgU M^W7>0i7^jia 

'ir$:^;i/j>l:^3-:Jj;i/4<'J^:/i/>y (CMP) fcjcUiteit 
€ 8 «r±mg 9 i: C 5 *T-6(J5. X. TMM 

2Amt-6*-Steiiai8U8«:^*ltU ±2/-;i/Kl 50 



0 mm^. 

[0 18 4] ^iZ. 112 5 (A) ~ (H) it. mSiZTsk 

[0 18 5] -Dt*}. m^±KTsy-ji\^i. Tmm. 
2. ^mmmm2om9m^t^o ^witc:^^ 

tc. immsisj^xmA-fTyMT i:m^m:h. vy 

h-^yt^o 

[018 6] MC. PR^J^^L. $6i^8*r-$'j:/ 
yUfc^lC, PRSrl^-rSo TmM2iDmti!,t^tX' 

mmm ^T^mb. ±^'-;uk i o m^th. 

[0 18 7] 112 6 (A) ~ (F) tt. m ok: 

[0 18 8] gp*>. S«:±lCTS/-;bKlx TmS2. 
Si^^^2 0. ISLS^,!! 1, WUTyMl 

^mgm^th. ^(r>±.\c7.^y^y)\yRRi:mm^. 

KH4^5*T-5U>^Ufc^tC. *femJi8$:l«llU >J 

[0 18 9] Tm®2*wai-rs*T'*fei^gi58 

Wb. ±SS9Stf±i/-;uKlO=&?^^1-So 

[0 19 0] HI OtC^UfclK^jg^^^-; K« 

[0 1 9 1] *^H^<7)fFj6K¥jiIM^. ^(D^fFtC 
[12 77!;MI12 8 =&#MUJfc7&^«b<}:y 

[0 19 2] zz.x\mz\:J(^^-thmit<m^^m\z 

[0 19 3] X^l :y^y-)VY^mm^. RRMm. 
tf$U>^*fctt>J7h:t7K:j:yia2 7 (A) tC^^ 

iim^mmz)-\^-y\^-r^o (m. h^^ht-h* 

-5. aT{cfc^^T^RD) 

[0 19 4] ^(7)^. T=^^^v:/fcJ:trrm^:^t- 
-5. 

[0 19 5] I@2 : PR?^^tF5 U^-J^tCcfcUTm 
M=&. 112 7 (B) tC/T^^ixS^lC;t^r-Mb-r-S. 
[0 19 6] 1^3 : 112 7 (C) tC^$tL-5.^tCU7 

i^y-tho 

[0 19 7] Xg4 igEy^^TXM/l^-Mtoifei^XT) 
PR^rJ^fiKL. 112 7 (D) Vifr^-^Mmmmz^^) 
y^b. FR^^brc^iZTMRmm±Wmii: 

[0 1 9 8] XS5 : 02 7 (E) tC^^StlStSltCTM 

Rmj'^^-yitcDtci^oyRR^m^b. TURmtuvj 
rmtx^oy ^btc^vi p r i^ti>. 

(0 1 9 93 IS6 : 02 7 (F) tC^^tl^^tCPR 

m^u y^-M. rm mmi:^v 
y^b. PRSri^-rs. 



27 



28 



[0 2 0 0] Xli7:|12 8 (A) iZ7j%^iX^mC±M 

[0 2 0 1] 1M8 : 112 8 (B) iC^^^-S^tCim 

[0 2 0 2] XS9:I12 8 (C) iZ^s^tl^miZim 

[0 2 0 3] XglO :|12 8 (D) tC^^tl-S^tCJi 10 

[0 2 0 4] X^ll :gI2 8 (E) iZ7SK^ili>micm 
[0 2 0 5] tm^V mii^<DJ:^fm0^h(DX-$> 

[0 2 0 6] ikiz. m^^m^^diA^^icmimi:Lf:L 

[0 2 0 7] |lI^C{i^SX)^nT^^4^^;!)^ ZOy^mtb 20 

[0 2 0 8] 3Z:-^ttllI3<7)^<7)^(7)*tCoVxTie 
^Lfc^^ mi, 112, (17-111 0(Z):Pii(7)^^S 

(fP^(7)xg-efFfiK1-s*X)^T-gS(7)T% :i3-e{iis^ 

U4H^;0^ ^■0>gt^^;oVx-C{±ia2 1~I12 6iC|B«^ 
[0 2 0 9] i^. 112 9{i, [12 8tC^-rx^ll*<i!^ 

[0 2 10] ^?:(c. h'mmm 

[0 2 11] 113 Ofi*:||BJ^fejgfflUfciaiS^^>y K 

5 0(7)^Il-efe.&. 

[0 2 12] ^M^-; Kti, ^4 2±{ZW±^V K4 
5i:, fi^4 3x n'f;i/4K ±aS4 4. Xtfi^'N 

K4 6 i:*^^?^fi£$n■r^^■2). z.om±.^iy-)im 
tT^mmt^^icbxib. sijmfc*)*^*^)* 40 

[0 2 13] zaysv K5 OCcfcUx t^m±Wt^ 

ttc. s^mt(^hm^^mfimi><Dx-$> 

[0 2 14] X. 03 1 it^mpjmmssi^^i: 
ffii ^tzmsmm^^ 5 0 omm-r^^^. 50 



[0 2 1 5] K7>7^^'-^Mfe^^5 2±frC. 
K 5 1 i3cfcc;i^^>y K 5 0 ^J^^L, 
l^^5 3±{Cfi[g^«?)LT^^-S:fTO. 

[0 2 16] tmums 3{i[eIgL, Kx^-T 
liWm53(7)±^. 0. 2//maTWiS^. fei>fr\ 

[0 2 17] zommiz^^j. n^^^y ks 1 mmm 

[0 2 18] WTIC. *^B^JC^«.^^Ja^jfi^^ 

[0 2 19] ( 1 ) h y^m^^y h^oM^ 

[0 2 2 0] mmicimcDrz^ic. m^izmt-^tix 

0-5I11 l<7Xiii<7V\^)/K=S:flFfiKLfc. 
^-g-MiiUTli. Ta (3nm) /P t 4 6Mn 5 4 

(25nm) /Co90FelO (5) /Ru (0. 
9) /Co 9 0 Fe 1 0 (5) /Aimtm (2nin) 
/Co90FeI0 (2nm) /Ni 82Fe 1 8/ 

(8) /Ta (3nm) 

[0 2 2 1] MJ^fig^tC{i2 5 Ot;, 

mmoM.ntm.'StthiDi^^c 5 o o o e wies^i&w 
[0 2 2 2] y^mmh^miLhxmkTCDh 

[0 2 2 3] mi^-W-^2m.<nT)Vf-v^±}C7)\/%i' 

TS>-;i/ KS-i¥^ 1 iumCDC o65Nil2Fe23 

TUSJf-Ta (5nm) /Au( BOnm) /Ta 
(5 nm) 

±®^-Ta (5nm) /Au( 6 0nm) /T a 
(5 nm) 

±5/-;i/KM— 1 ium<7)C o89Zr4Ta4Cr 

3 

ffeicl-^^ 2 0 nm(Z)TJl/$-:f- 
mUTTM-Cr (1 Onm) /Co74. 5Crl 
0. 5Pt 1 5 (36 3 6nm) 

[0 2 2 4] zay\v V^mz 0(Diiomm^±-^ 
m^V YKMJJS^XfT.'y^ ^UTX,. C o C r T 
tmiK'r-^^^^htLo Z(m. #gj2^h^ 

ii*th^^)/-^'|g{i2iumi:Ufco 
[0 2 2 5] TMR^^W>*aX(C(iI||&ffl<r^fc:7:t 

hui^y^hx^x fe<fc^;5•J>yxs^:ffl^^fc. 

ti2 5 0t:. 2I^BltLfc. 



29 



30 



[0 2 2 6] za)j:mic^i)^mm'Fm^i5{^mi.^ 
[0 2 2 7] :i(Dmmmic^^yv-M<mimM; 

[022 8] im(7)^mtHt3. OkOe. MrTit 10 
0. 3 5 emu/cm2<hLfeo l^fPLfc^^y KIrfflO 

[0 2 2 9] m^^mTizmo 

[0 2 3 0] ^±&t!it 3 . 1 mV i;:*:^ < , M^mij 
m^2 IdB ti&<. f-/hai^-U-l>%,lX10-3 

[0 2 3 1] :itnm±m^ic/Vu^/\0'\iyj^Xi)^ 

^oT^^Sfc^?)■?rfe^J. Kc7)R-H;i/-:/$:iiI^b 20 

[0 2 3 2] m iu)imxi,t. wurxmtyv- 

ts^y V -mic+'^^ma^ivr. m^-f 7y.w{ji^/\y 

[0 2 3 3] ^^ti'-'Z. ImV 

m±&,t5mm-i>wwEMm:- 1 7 o k f c i 

S/N-2 1dB 30 
\£v hoi^-l/- h— 1X10-3 
[0 2 3 4] J>:tC. :^^m^mHLLX. iii~iai 

oammpy^v K^rf^^Lfc. m^m.K.\,t2 5 ou 
mf^(7Mdm^^m^<m^t\tm^ir^ij\PiK.^o 

[0235] h>:^;^g^-Ta (3nm)/Pt4 
6Mn5 4 (2 5nm) /Co9 0Fe 1 0 (5) /R 
u (0. 9) /Co90FelO (5) /Aimm 

(2nm) /Co90FelO (2nm) /Ni8 2F 40 
e 1 8/ (8) /Ta (3nm) 
mi^-W-^2mm<D7)\/^-V^±}ZT)l^i-%:lOnm 

[0 2 3 6] Ti/-;i/Kl-iP;^l/[zmOCo6 5Ni 
1 2 F e 2 3 O^tta t%. aTl^D) 
Tm^-Ta (5nm) /Au( 6 0nm) /Ta 

(5 nm) 

±S®S—Ta (5nm) /Au( 6 0nm) /Ta 
(5 nm) 

±i/-;i/KM-iP^l Ame5Co8 9Zr4Ta4Cr 50 



3 

Jfe^-ff^ 2 0 nm(7)7;i/$ :^ 
8t-''^Y77^-Cr (10nm)/Co7 4. 5Crl 

0. 5Pti5 (3 6nm) mi 2(r>mmrM^m<. 

<) . 

Ba^x^'l'h (5 0nm) (HIl 0(7)M^(7)^) 
#®0JfflIl-Cu (1. 2nm) (H 9 (7):^^fe7)^(7) 

[0 2 3 7] K$:ii3 Oo^ommm^-W- 

m^V YKMHtS^XlX^ ■< ^fjDXL^ C o C r T a^ 

^y'^i(i{i3/um, #$jA^^^^y 0. 2/zm. ^<i^ 
3i^h5^y';7i|itt2iumi:L)^io TMR^^(^*PItC 

\%\m^m\.^fzyi^vvvxviM. fc<fet;$u>yx 
[0 2 3 8] mmu4)\m^mmyi^ 

h h^^l:lgtt2 5 or;. 2B#fBlfcU;to 

[0 2 3 9] 3(7)xg^c<fc^J**^i^i^;^$:^lRI=&^RIv^ 

wmL. mmmm=i-iL\jXWu<w(fht^< 
mz. 2 0 0U soooefis^tfx i^mmmmi 

[0 2 4 0] ;i(7)«lS^MtCj;^:7U-^(Z)?S{b^^ 

^ilK7)^f^K:^l^g^0IlWEtt. mmmt/^^is^tAjEwm^ 

[0 2 4 1] g^(Z)«?S;^tt3. OkOe. MrTtt 
0. 3 5 emu/cm2i:Lfco l^fPbfc^^y K=&fflO 

[0 2 4 2] mj^ommi (HI 2(7)^ii(7)^) 

[0 2 4 3] Ltf^bs *^^<7)^(it^rtU7)^%,tie 

m^itimbxs/Nm^ic^ixxB^). tr^yho:^ 

[0 2 4 4] Ctltt. 0l7&^«biai 0K:^Lfc<i:^*«£ 

-ief4Mic^-rs<):e>4«jgic-r^>z:i:tcj:y, yv- 
bxy ^j-m(DJ\)v^jVj'^yj^xtMmbtcit^x 

[0 2 4 5] ^IC. /V'y K«lii-^<^R-H;i/-:/t:M 

'Rx9-^m^\x'm.btitzLh. yj-mcDk.x'rv 
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M ^ 011 




112 




mi 


ms 


mo 


m9 


mm 
















w^ibtiimY) ai 


ao 


3.1 


ai 


ao 


ao 


ai 


ai 




















180 


190 


185 


190 


185 


185 


180 


S/N(<iB) 21 


31 


30 


31 


31 


30 


29 


29 


1x10-3 


1X10-7 










mtE. 
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[0 2 4 7] (2) y^[^yAji^^v 

[0 2 4 8] mwizimoytztbiz. mmicsm^tix 



[0 2 4 9] zaMMyAjiymtbxii. /fx. 

(2nm) /I r21Mn79 (5nm) /Co 9 OF 
elO (5) /Ru (0. 9) /Co 9 0 Fe 10 

(5) /Cu (2nm) /CoGOFe 1 0 (1 nm) 
/Ni82Fel8 (3)/Pt (2 nm) 

[0 2 5 0] l^fig^lCtt2 3 OU 5B#PBl(7)|^i${lS§: 
)5)(l^#(Dm^i:tti:3^-r^:^|6)tC 5 O O O e <7)?K^^S3 

[0 2 5 1] ff^ 2mm(7)T;i/f-^>^±lCT;i/$ 
:h$:l O/zmUMLfctjCO 

Ti/-;i/KM-i*^0. 3jum(7)Co65 i 1 2Fe2 

TmSS— Ta (5nm) /Au( 6 0nm) /Ta 
(5 nm) 

±S@M-Ta (5nm) /Au( 6 0nm) /Ta 
(5 nm) 

±2/-;i/ K^"'^$ 0 . 3 (im<DC o89Zr4Ta4 
Cr3 

Jfe^-^^ 2 0 nm(7)T;i/^:^ 
ISE/W7;:?^-Cr (5nm)/Co74. 5Crl 
0. 5Pt 1 5Cr (1 2nm) 

[0 2 5 2] Z.ay\v V^m 3 0(7)J: e>4'|^S^H*: 
KtCjDXfe<fclfXv>r ^iDlUx C o C r T a^ 

[0 2 5 3] 3<Z)^. #$ji*h^^y>5?«g(iO. 5/z 
m, #$2^4^-V'y::^{iO. oSytzm. ^j2^h^^:y 

[0 2 5 4] m^jhfiff^v h'mo)a>{jim^m^y7f 



20 



30 



40 



50 



KL/ h mitlMlt 2 5 0 2 mm tbtzo 

[0 2 5 5] z.o)i:miz^v^mtm'^m^u\^^\°i^^ 
mz. 18 0V. 5oooee^4'^ if^^ommmL 

[0 2 5 6] c:<^flffigyi!iaiCj:S:7'J-^(^{b§=§ 

[0 2 5.7] im(7)mJHi4. OkOe^ MrTtt 
0. 3 8emu/cm2i:Lfc, ^^^Ufc^^)/K^^ffl^r^ 

[0 2 5 8] wmm^^aTiz^--to n^iuMts. s 
m V < , w^tati^^t^smw^mi.^ 

tl{5^^S<^i^^;{)^ S/N7!)^2 0dBi:{£<, If^yhx 
^- U- h 2 X 1 0-3 
[0 2 5 9] 3nttl?^fi^tC7^;i/'j7A'>-tf >>> 
^o-Ci'>Sfe«)t?*U> K(7)R-H;i/-:f$:a5^L/ 

v-mo>smmiz^o/v\y^j\'y^yj -ixtm^b 
7.Mty v-mtm&m\z^ ^Jllgi^nT^^-?>fc^?) 

y.tf')\M f\^'^y j >(X(mm:.m^l,^£ts^-:>tzfz^ 

t^^ntz, 

[0 2 6 0] S^:^7-3. 8mV 

m^mmm-^wmmmmi- 1 s 0 k f c i 

S/N-2 0dB 

tr^y i>x5-b-h-2xi 0-3 

[0 2 61] »:jc, :^mi(rmmt.i,xmi--mi 0 

[0 2 6 2] l^^^fCtt2 5 OU 5B#rB^(7^fej!aSI: 

5 0 0 o e (mm^^ 

[0 2 6 31 xyiyf^^VM^-yPt (2nm) /I r 
2lMn7 9 (5nm) /CoGGFe 1 0 (5) /R 



33 



34 



u (0. 9)/Co90FelO (5) /Cu (2n 
m) /Co 9 0Fe 1 0 (1 nm) /Ni 8 2Fe 1 8 
(3) /Pt (2nm) 

Tiy-Jlh'M-I^^O. 3/uin(7)Co 6 5Ni 1 2Fe 

2 3 mmi&t%. J'X'mC) 

T^^-Ta (5nm) /Au( 6 0nm) /Ta 
(5 nm) 

±m^-Ta (5nm)/Au( 60nm) /Ta 10 
(5 nm) 

±i/-Jl\^M-W-^0. 3A£m(7)Co8 9Zr4Ta4 
Cr3 

WMM-W-^ 2 0 nm(7)7;i/^:^. 
ll.'W7Xl-C r (5nm) /Co 7 4. 5Crl 
0. 5Pt 1 5 (1 2nm) 

±^M-^dib 20 
(0 2 6 4] ClO>\-/K$rI13 0(7)J:e)4^S^^^-i*: 
KtCJOIfecfet/T.^ Y :5^JPXU. C o C r T a^ 

[0 2 6 5] zam. m^ih^h'y^y^^liO. 5u 

[0 2 6 6] m&'j^y\v h'm>u-()\^^m(Dy* 
hVS^7.hm.it:Lmit2bOV. 2J!^mtbtco Z<DX 30 

tnSft*^tL-CjEL<iW^U*<*ofc(7)-ex fl^'s [02 7 7] 

vh'u^^xM^^vmi^m^jmz^ 200U 5* 

m 0SL mi mi m2 mz 



[0 2 6 7] zommMiz^hy ^J-moMim^ 

[0 2 6 8] imcDmchltA. OkOe, MrTtt 
0. 3 8 emu/cm2iiUyc, 
[0 2 6 9] Mf^Ufc^^y K^ffl^^■C^ H^Hi;':. S/ 

[0 2 7 0] m^^mTicn^to 
[0 2 7 1] ^fpufc^^y K^ffloT, n^mti. s/ 

[0 2 7 2] ai^^^OTtCT^-To H«i^(7)Se5l50iI (HI 
[0 2 7 3] W^*;'j{i^S3R«ji(?5^*)* 

[0 2 7 4] L;t)^L^ ^-f tiO^^tJf 

[0 2 7 5] 3*ui> mxts^hmi^yzm^fz^otm. 

[0 2 7 6] l^tC. mm-^(DR-H)l-zr^M 



18 dlO 09 



^^i7(mV) 

s^?l^ifm(kPCI) 
S/N(dB) 



3.8 as 3.7 as a7 as as as 



175 

20 
2x10-3 



185 
33 

1X10-7 



190 
34 



180 
33 



195 
33 



190 
34 



185 
30 



185 
31 



l^i 



[0 2 7 8] ?>:tc. *^«r3ifflLTItf^$afcE^7= 
[0 2 7 9] m^'rAy<'jmt\t^-7JsLKZifmm. 

[0 2 8 0] ^a5i:tt3 2tr^yh(7)>'^X^'f'>T-gS^$ 



[0 2 81] X'f7.'^<Z)EStt4 6mm-e*y^ -r-^f 



35 



36 



. [0282] /JxMzi y\d:x-^ -<mmm. (H l S J H l S {i. ^^^JC^^m^ja^i^^^^y K 

^ 0 2 8 3 ] ^BSf^/v^i/ K(7)f^fiK¥JllMi&^1-¥®l2l-e*)-5o 

[^0^c^;s&^] *%B^(7)iiMtCj:y. $£3f5J:yS^?ga^ [02 2] 112 2tt, *^J{C<^sm20*f*:M<7)JSfl 

p4'i3m}^T^^-k>-9-, mmm%.^v\:. i^m [nzs] 112 3 *^0^t^s^3(^:i:(*:0iia)m^ 

[ia 1 ] mut. imm.%hTmsmm^^v Yum, m^^v YcmmmcTrct^wm^i^h. 

1 (r)^^'S'\(D^^Akw^mm'^m^^hh. [d 2 5 ] 112 5 tt. *^^tc{^^^ 5s.tF^ 6 (Dm- 

[0 3 ] 0 3 tt. :imm.i^i>mmmi^v v<m [n 2 e ] m 2 e *^^ic^^m 7 o^Bci*:^!]^)}^^ 
[114) ii4{i, KiDii 20 [112 7] gi2 7tt, i^wm^msmm^^v Y 

[US] I15(i. *^B^tC^^jS^^i^^^^> K(7)^ [112 8] 112 8tt, *^BJlC^-5Jl^^S5&*^^)/ K 

3 ommfTMijmmmmLmMhWMm^^ (mm-m^rfstw^m^^ho 



3 <7):a=(*0ij(7)S(i(^gg^j(Z)^*«iS:ifiHj-r ^»r®ii-C'^ ^(7)?sa^i^iTSii^^iTfi^^^^^N-rfi»T®[iT*fe 

^» [H 3 0 ] H 3 0 tt. *^0^tc#S?smj^t^^^>y K 



[08] 08{i. imm.^i>mmm^^v'Y<m 30 [031] 031 *^^(7)m^j^s5&^^^:fflir^ 



[02 9] 02 9 tt, imm.^h-mmm^v k 



4 (D:i:f*0iJ(7)m^i5iBJ-rs»r®0T'*S, 



5 (Dmmmmmmhwm:^^^. 



1- T^-;i/KJi 

2- Tms)i 

3- @^1-SM 

4- @^ 

6-:7'J-M 
7"TBfW7X^ 



[09] 0 9 ti. *^^lC^SJS5^^Kaj*^-; Y(m, 
7 (7>^(*e»I(7)«|J«=SrBi^S»f®0-e*S. 



[010] 01 Ott, :*:^JtC^i>JKS(j^Bai*/\*; K 

OB 6 (Dmmmmmmm^m-^-^h. 



[01 1] 01 Itt. $£3f5(^)Je^^T356^^^i/ K(7)^ 
<Z)0i|$:^Nl-itfr®0-e^S. 



(01 21 01 2tt, mim^^vYKm^h. m 



40 %'-mm 
9-±m^ 

1 0"'±^-;i/K^ 

1 1'-nmrnm 

3 O-fiS^^^')/ K 
4 1-31-1' ;u 

4 2-»*: 

4 3 -flag 
4 4-±fla® 



[013] 01 3tt, 01 2(DW^\iZm^^td^a^ 



(01 4] 01 4tt. ^miiz^^mmmm/^v k 
1 <^:i:»0ij(7)^&siggts¥ffi0-e*s. 



[01 5] 01 5tt. imn\:i%hm^tn!m.^vv 
am 2 <r>mm<mmmmhw-^m-Q:^i,o 



(01 6] 01 6tt, i^m/i:.mm^mm^^v\^ 
am 3 aymmammmmi>wm&-^t^h. 



(01 7) 01 7{i. ^s^mmM^m^mm^v k 



50 4 5-?|^/\^/ K 



37 



38 



4 6-ABS® 

5 O—i^^-y K 
5 K 



5 

5 4-tmi)^Cj(7mtim^ 



mi] 



[122] 





[123] 



[124] 




3. BStbB I <^Tgfim 




[125] 



[126] 



4 ASH 




1. Te^-AFS 




[127] 




[@8] 




[119] 



[Hi 0] 



10. ty-lrFV 
S.±t» 





[01 1] 



10. iv-AF* 




mi 3] 



xrn 



CAP 



'L. 



MR 



SHOUT 



SAL 



115] 




E f B 
BTy-*r/Tta/ttn«/lfc»/««/TUWi/i:«i 

BT5^-*F/Ttft/ttt*»/Baiy«|M/7ilHi/lH^7«/l^-*F 



[1112] 




[1114] 



l|ttJ|j| P||||||H|j| III j: 

liiisllHisiEaiilalf ssslsiisia* 

lillllliiiiliiiiliiiiilliilR 



c' 1 c 

Ay-AF/T«B 

BTv-*r/Tia/8sr««/Bai/jW!u/ww 

0T'/'Jirr/Tt8/BSt«i/BtI/iniltl/7<i-l/lt«/lSr-irF 
ETSr-JtF/T«By^ltf«i/aBi/*BM/lJli/Jb«{|/i:>-*F 



[01 6] 



(nil 7] 



'■■I'll i I 

:::: :. : 

-:;:::! : r;::;:;;;: 

Jiiiilli m.l 



C f 0 p c 

Ay-XrF/Ttffi 

rTV<AF/T«fl/^!r-l/3reftJ|/lttff/ltB/±>-ll.F 



Av-AF/TIB 

CT>-*K/T«l/79 
D7>-*F/T««/79 
BT>-*F/Tia/79 
FTy-AF/Ttft/7'; 
GTy-*F/TW/7«; 
HTv-*F/7lli/7'; 




7^«/WW/J:y- A F 

-jf/intti/Bn/aer »i/iia/i<y-jir f 

-ffiOmi/MUI/i'y-ftF 
»/WW/±y-*F 



118] 



c / J > c 



[131 91 



fyiilii^^Hiiiini 

Mill' riiliillli 

rlil: : i ::8:il::l::: 

•iMijiii 

: ::::: :::::::::::: 



Ay-*F/Tte 
BFy-*F/T«ft/B£tei/HBi/»6f/JNI» 

CT*y-* F/T«a/B8t WM/mi/1NW/»n-f 7X/J:lft/±*y-*F 

SJ?'iS<3H<S!*''^/»">''y"»/^«a/-ts.-*F 
ET>*Arr/r«/Ber««/Bet/Miu/iu»/±«B/±2r*j^F 

rTy-ArF/Tta/itre«/«U/imi/79-l/ltl/l/<<7W±«f/±ir-j^F 



Ay-*F/TlS 

BT2f-AF/T»/BStWfiai/3Wft»/WI« 

CT5^-*F/TtB/Wet«fi/BBi/m«/liJi/±ttt/±^-*F 

DTy-*F/T«l/a«tW/Hgl/WM/7y-l/»Wtt«/»/tr7;«/ 

±ta/±*>-*F 



[02 0] 



ji iiiiiiiiiiiniiiiiiiiliiiiiii 

if lil:::::!!:::!::;::-::::::-; 

::: :::::::::::::::::::::::::::: 
::::::: ::::::::::: 



[1112 9] 



c F 0 r c 

Ay-*F/nS 

6T5^*i^F/m/eet«i/B»/mff/tiii 
0TSf-A^F/m/Bet««/Bu/irmi/7VHi/ita/±5'-jirF 

BT'z-JlrF/Tta/B^tftV/Bti/Mtl/Mi/im/lS^^AF 
PTSr-l/F/T«8/B2tM/BU/]mtt«/7UHi/mHI/«<7X/itt/lV-AF 




[1212 1] 



[1112 2] 




(A) 



(B) 




PK2d 






-!)7M^7 



(A) 



[112 4] 




FRMI 




(B) 



(E) 



-!>7l'*7 





(H) 



(C) 



IM) -*paii« 



. if) 





(Mill 
Bfl^Ptm 




[112 31 



[132 6] 



(A) 




tSMIttftl, 



(G) 



tji{.{i|i{.ii!i|ii.i» | 



I I I It II l!! I I I ill I 

1 1 i{i{i;4;i'i;i 1 iji I 




(D) 




(B) 





«:i:f:i;i!t;i|i{ 




*7 

















(C) 


(F). 














i!»jr(7'j-« 





[112 8] 



CI12 7] 



(A) 




(A) 




(D) 




(B> 



(C) 




(B) 




(E) 
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